Wereport 7 cases of adrenal tumors with concurrent increases in cortisol and aldosterone secretion, which we have examined over the last 2 years. Wealso present the pathology of excised specimens based on immunohistochemical staining, as well as endocrinological findings.
Introduction
The recent development and widespread utilization of CT and MRIhave resulted in an increased ability to detect adrenal tumor as an incidental tumor (adrenal incidentaloma), indicating that the occurrence of adrenal tumor is not rare. The tumorcauses almostno clinical symptoms. It wasreported, however, that hormonewas increased in more than 80%of patients harboring such tumors. For this reason, much attention is now focused on the development of standardized diagnosis and treatment of PCS and aldosterone-producing adenoma (APA) found as adrenal incidentalomas. In 1977, Hogan et al (1) reported a patient with a single adenoma in the adrenal gland and concurrent production of cortisol and aldosterone. Since then, several papers have reported the incidence of tumors with concurrent production of the two hormones, suggesting that the prevalence of this tumor may be greater than previously believed. Recently, several cases of this type have been reported in Japan. Abe (2) summarized 5 cases in 1994, suggesting that the characteristics of the tumor were different from those of PCSor APAalone. It was also suggested that arteriosclerosis tended to progress most markedly in cases with concurrent secretion of both hormones. Wewere also presented with a patient in whomcerebral infarction took place just after diagnosis was established. These findings encouraged us to develop a new means for the diagnosis and treatment of the tumor. This paper deals with 7 cases of adrenal tumor with autonomoussecretion of both cortisol and aldosterone which we have encountered over the past 2 years.
Case Report
Patients consisted of 4 males and 3 females; 6 were first diagnosed as PA and the other as PCS. Base-line characteristics of the patients are summarized in Table 1 . With regard to diurnal variations of plasma cortisol concentrations, high values of greater than 2 jug/dl at midnight were documented 7 Cases of Adrenal Tumors pression test, the plasma concentration of cortisol was greater than 3 jug/dl in 2 cases after administration of a 1 mg dose of the test agent and more than 1 jig/dl in all cases after administration of an 8 mg dose (Table 3 ). These findings indicate that cortisol secretion was not inhibited by dexamethasone in any of these cases. Load tests of captopril or furosemide in the standing position were carried out during the renin-producing irritable test. No increase in renin activity was observed in any of the cases (Tables 4 and 5 ).
Immunohistochemical staining of the excised tumor specimens revealed the expression of P-450cl7, an enzyme involved in cortisol biosynthesis, as well as the presence of aldosteronoma (Table 6) . From these findings, it was confirmed that cortisol and aldosterone were concurrently secreted from the tumor. The following case reports describe two representative cases.
Case1
This case, 49-year-old woman,was first diagnosed as primary aldosteronism. Hypokalemia was found during the treatment of hypertension.
Abdominal CT revealed left adrenal tumor. The patient was initially thought to suffer from primary aldosteronism.
However, abnormal diurnal variation of plasma cortisol concentration ( Table 2) , lack of inhibition of cortisol secretion after administration of an 8 mg dose of dexamethasone and autonomous secretion of cortisol were documented in this case (Tables 3 and 5 ). In addition, renin activity was inhibited after captopril loading (Table 6 ). The patient was therefore diagnosed as PA accompanied by PCS and treated surgically.
In the immunohistochemical staining of the tumor, the specimen obtained after the operation not only yielded findings consistent with aldosteronoma, but also revealed the expression of P-450cl7 (Table 7) , involved in biosynthesis of cortisol. Thus, the tumor seemed to synthesize both cortisol and aldosterone. After surgery, symptoms improved such that the plasma aldosterone concentration decreased, plasma potassium concentration became approximately 4 mEq/l and maximumblood pressure was maintained between 120-130 mmHg.This patient is now being followed up as an outpatient at our clinic.
Case2
The second case, a 56-year-old woman, was at first diagnosed as PCS. She is now under treatment for diabetes mellitus and hypertension.
Her' blood glucose level was previously well-controlled by a dietary regimen, but it worsened recently. In the dexamethasone suppression test, a 1 mg dose of the test hormone did not inhibit the secretion of cortisol. Abdominal CTrevealed left adrenal tumor. At first, PCS was suspected. However, diurnal variation of the plasma cortisol concentration was abnormal, and cortisol secretion following administration of an 8 mg dose of dexamethasone was not inhibited. Moreover, the plasma renin concentration was low and wasmaintained even after captopril loading (Table 8 ). These findings suggest that both cortisol and aldosterone are autonomously secreted from the tumor.
In the immunohistochemical staining of the tumor, the specimen obtained after surgery not only provided evidence consistent with the production of aldosterone, but also revealed the expression of P450cl7. These findings also indicate that the tumor synthesizes both cortisol and aldosterone. The tumor was excised in the Department of Urology in our hospital. Before the operation, the patient was treated with both SU and a-glucosidase inhibitor (ot-GI), but the blood glucose level was not controlled. In contrast, however, it became well controllable by a-GI alone after surgery.
Maximumblood pressure was about 180 mmHg before the operation, but decreased slightly to around 150 mmHg afterwards. Inhibition of cortisol secretion by dexamethasone and an abnormal response to captopril loading was not altered immediately after the operation. However, cortisol secretion was found to become normally inhibited when the dexamethasone suppression test with an 8 mgdose was carried out 4 months after the operation. PACwas also found to be improved.
Discussion
Wereport 7 cases of adrenal tumor with autonomoussecretion of both cortisol and aldosterone over the past 2 years.
During this period, a total of 13 cases of adrenal incidentaloma were operated on. Therefore, over half such tumors may simultaneously produce both cortisol and aldosterone. This indicates that this type of tumor is not as rare as was once thought and also suggests that endocrinological examination is important for its differential diagnosis.
In this regard, Nomura et al (3) noted increases in plasma cortisol concentrations in all 8 cases of APAthat they examined.
In 1989, Sasano (4) concluded from immunohistochemical findings that the adrenal tumor producing steroid hormone(s) was mainly composed of morphologically small pale cells and also that demonstration of the expression of enzymes involved in biosynthesis of steroid hormones such as 3 (3-hydroxysteroid dehydrogenase and P-450cl7 (especially the latter, which is implicated in the biosynthesis of cortisol), but not aldosterone, is required for the identification of tumors producing highly bioactive cortisol. Weobserved the characteristics of aldosteronoma and expression of P-450cl7 in the surgically-excised pathology specimens from all 6 cases which were initially suspected of aldosteronism. Thus we could confirm both clinically and pathologically that all the tumors in the present cases produced both cortisol and aldosterone.
In a case that was at first suspected as PCS, we also obtained not only pathological findings consistent with aldosteronoma, but also found expression of P-450cl7. A specific antibody against the P-450ald involved in the biosynthesis of aldosterone is currently unavailable. This has hampered obtaining direct evidence of aldosterone production. Judging from the clinical data and postoperative course, however, tumors from all these cases secreted both steroid hormones concurrently. Therefore, it should be emphasized that immunohistological examination was very useful for definitive diagnosis. Treatment options for adrenal tumor with concurrent production of cortisol and aldosterone requires discussion. Surgery is unquestionably the first choice for large tumors suspected of malignancy or small tumors with a composition of mainly PA. In 1996, diagnostic criteria for PCS were proposed by a research team led by Professor Nawata KyusyuUniversity such as hypertension, obesity or abnormal glucose tolerance. This recommendation is based on our experience of one case in which cerebral infarction occurred after the diagnosis was made, as described previously. Our experience also suggests that adrenal tumors with concurrent production of cortisol and aldosterone are not rare. Weanticipate that accumulating experience of such cases will be useful for developing optimal treatment options for patients with adrenal tumors.
